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     Several raw coal ashes which were not finely divided, were used as admixtures for high volume coal ash shotcrete. 
Rheological properties of the concretes before projecting were evaluated by the modified slump cone test. Microstructure of the 
projected concretes was examined by the quantitative image analysis for backscattered electron images. Differences in the strength 
development between the shotcretes and conventional cast concretes were discussed in relation with influences of pneumatic 
projection on the initial packing of binder particles and the subsequent changes in coarse capillary pore structure. The modified 
slump test was useful for evaluating flow and projection properties of concrete. Plastic viscosity of coal ash concrete depended on 
types of coal ash even when the same slump value was attained. When a coal ash with a high carbon content was used, the plastic 
viscosity increased. The increase in viscosity resulted in the increase in pumping pressure for projection. The coarse capillary pore 
structure in the projected concrete without accelerator is not greatly different from that in the cast concretes. However, when a large 
amount of coal ash was incorporated, the threshold diameter of coarse capillary pores at early ages was reduced. The development 
of compressive strength in shotcrete was not notable compared to the conventional compacted concrete. It was suggested from the 
evolution of capillary pore structures that the accelerator for shotcrete prevented further densification in microstructure at long ages. 
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Table 1 Physical properties of coal ashes (JIS A-6201) 
Property ASH-A ASH-B ASH-C 
Density(g/cm ) 2.30 2.25 2.20 3
Blaine Fineness (cm
 2 
2/g) 4000 4500 4800 
Loss on Ignition (%) 2.32 5.20 10.59 
Flow Value Ratio (%) 95.8 90.5 86.3 
28 Days 80.1 76.5 102.5 Activity 
Index(%) 91 Days 89.7 92.6 101.5 
 
Table 2 Chemical compositions of coal ashes (%) 
Oxide Composition ASH-A ASH-B ASH-C
SiO2 57.38 56.07 45.53 
Fe2O3 3.96 4.66 2.87 
Al2O3 29.20 27.02 27.13 
CaO 2.50 3.26 7.50 
MgO 0.79 0.99 1.37 
SO3 0.26 0.47 1.50 
TiO2 1.19 1.07 1.40 
Na2O 0.90 0.78 1.20 
K2O 0.78 0.73 0.41 
total Carbon 2.49 4.62 10.85 
 







































2  実 験 方 法 
 2.1 使用材料および配合 
使用したセメントは普通ポルトランドセメントであ
り，骨材として石川県手取川産の川砂（密度 2.57g/cm3），
川砂利（密度 2.57g/cm3, 最大骨材寸法 10mm）を使用し
た．一方，吹付け施工されたコンクリートにおいては新
潟県姫川流域産の川砂（密度 2.52g/cm3，FM=2.82）およ









 コンクリートの配合は NATM 工法を用いる場合の既
往の一般的な施工実績を参考にして定め，水セメント比
を 60%，目標スランプを 12±2cm とした．また，細骨材
率は 60%と一定にし，石炭灰の使用量はセメント質量に









Ash (%) Sand Gravel Superplasticizer AE agent add’lAE Water Cement 
PC 60 60 216 360 0 1002 668 0.5 0 0 
60 60 ASH-A30% 216 360 108 882 668 0 0 0 
60 60 ASH-A70% 216 360 252 720 668 0.3 0 0 
60 60 ASH-B30% 216 360 108 879 668 0.4 0 0 
60 60 ASH-B70% 216 360 252 714 669 1.2 0 0 
60 60 ASH-C30% 216 360 108 876 669 1.2 0 0 
60 60 ASH-C70% 216 360 252 707 668 2.0 0 0 
ASH-C70%















Fig.1 Modified slump cone device 8)
Table 4 Results of the modified slump test 







PC 130 1414 19.1 
ASH-A30% 110 1572 19.8 
ASH-A70% 140 1313 26.9 
ASH-B30% 130 1405 21.8 
ASH-B70% 110 1556 27.1 
ASH-C30% 120 1486 22.9 
ASH-C70% 110 1550 46.3 







Table 3 に示す．  
 2.2 供試体作製および試験方法 















τ0＝ρ(300-S)/270   (1) 











   (2) 圧縮強度試験 
 吹付けコンクリートのベース配合のコンクリートに
対して，JIS A 1108 に基づいて直径 100mm，高さ 200mm
の円柱供試体を作製した．供試体は打込み後 24 時間に
て脱型し，所定材齢まで 20℃の水中養生を行った．吹付







































Table 5 Mix proportion of high volume coal ash shotcretes 
Unit Content (kg/m
 4 
3) SP Type of 
Mix 
W/C 
(%) s/a (%) Coal Ash Gravel (wt%C) Water Cement Sand 
PC 60 60 216 360 0 1053 707 0 
ASH-A 60 60 216 360 270 758 707 0.9% 
ASH-B 60 60 216 360 270 760 707 1.3% 
Accelerator:7% of cement 
SP: superplasticizer 
 
Table 6 Results of the modified slump test for shotcretes and their 



















(Pa ･ s) 
PC 105 1687 15.5 5.0 10.0 5.2 
ASH-A 170 1114 23.7 8.0 5.5 19.8 





















          Air Voids 3.18%        Air Voids  2.97%    Air Voids 5.45% 


































































































とした．Table 5 に 実際に吹付け施工を行ったコンクリ
ートの配合を示す．これらのコンクリートについて実施
工を行った（吹付けエア量約 10m







     curves between different placing methods 
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Fig.4 Development of compressive strength in cast and 
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Fig.6 Coarse capillary pore size distribution curves for projected concretes with and without coal ash 
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